Background: In the last few years, quality of life (QoL) has become an outcome measure in patients with pituitary diseases. Objective: To describe the available data on QoL impairment evaluated with questionnaires in patients with pituitary diseases. Design: Critical review of the pertinent literature and pragmatic discussion of available information. Methods: Selection of relevant literature from PubMed and WOK, especially from the last 5 years and comprehensive analysis. Results: QoL is impaired in all pituitary diseases, mostly in acromegaly and Cushing's disease (similar to other causes of Cushing's syndrome), but also in non-functioning pituitary adenomas and prolactinomas, especially in the active phase of the disease. Nevertheless, even after endocrine 'cure', scores tend to be below normative values, indicative of residual morbidity after hormonal control. The presence of hypopituitarism worsens subjective QoL perception, which can improve after optimal substitution therapy, including recombinant human growth hormone, when indicated. Conclusions: To improve the long-term outcome of pituitary patients, helping them to attain the best possible health, it appears desirable to include subjective aspects captured when evaluating QoL, so that the affected dimensions are identified and if relevant treated. Additionally, being aware that treatment outcome may not always mean complete normalisation of physical and mental issues related to QoL can be a first step to adaptation and conforming to this new status.
Introduction
As therapeutic options improve for pituitary adenomas, most can be treated to control hyperfunction, mass effects and pituitary insufficiency. Thus, one tends to think we are capable of 'curing' patients with these diseases. However persistent complaints are often encountered, despite control or cure of hormonal excess, relief of mass effects on surrounding tissues and adequate substitution therapy of hypopituitarism, so they often cannot be considered 'completely healthy' (1, 2) . Multisystem morbidity, especially in treated acromegaly or Cushing's syndrome related to irreversible effects of prior exposure to GH/IGF-1 excess or hypercortisolism, as well as increased mortality may still be present, all of which negatively affect health-related quality of life (QoL). Awareness of these impairments has only really come to light in the last decade, but it is the first step to consider therapeutic intervention, which should lead in the future to improve long-term prognosis and QoL.
What is QoL?
There is no clear and short definition for all the concepts included in 'health-related quality of life (QoL)'. It refers to individual well-being and how patients perceive their physical, emotional and social health. Subjects will value their QoL taking into account their expectations, standards and goals, as well as emotional, physical and social aspects of their lives that might be affected if a disease is present. Thus, measurements of QoL lead to the evaluation of a particular person's well-being, including individual feelings, concerns, responses and functioning in daily life (3).
Figure 1
Factors or markers most frequently described as determinants of impaired QoL in pituitary diseases include the following.
Some are common to all pituitary adenomas (PA), while others are specific for each disease.
How can QoL be measured?
QoL is usually measured by questionnaires that may be generic or disease-generated, the latter also known as disease-specific. In both, the patients evaluate how they self-perceive their general health status through several possible ratings (i.e., yes or no; excellent, very good, good, slightly bad, bad; or always, most of the time, sometimes, rarely, never; or completely agree, moderately agree, neither agree or disagree, moderately disagree, completely disagree). Generic questionnaires have the advantage of being useful in any population, so comparisons can be made between patients with different diseases and normal healthy subjects (Table 1) . Disease-generated or diseasespecific questionnaires are more sensitive in identifying dimensions most impaired by the disease (for instance, improvement after treatment), but cannot be used in normal subjects or in other diseases. Additionally, there are 'domain-specific' questionnaires devoted to one problem (i.e., fatigability, pain, dyspnoea, sexual dysfunction, etc.), which can be applied to more than one illness with these problems, and are useful to compare the degree of impairment of that specific domain (Table 1) .
If both a generic and a specific questionnaire are used simultaneously, it allows comparison with normative data from the generic instrument, as well as a more in-depth evaluation of the problems encountered in that specific disease, which is especially useful after a therapeutic intervention.
As for biochemical or any other parameters, QoL questionnaires have to be validated, including and fulfilling psychometric properties like feasibility, reliability, validity and sensitivity to change. Feasibility refers to how easy, convenient and/or acceptable it is to fill the questionnaire, and is assessed from the percentage of unanswered questions, which should not exceed 25% of the scored items. Reliability reflects internal consistency (expressed as a Cronbach coefficient α, which should be greater than 0.70) and test-retest reliability, which refers to the questionnaires' capability to generate similar results over time, if the same clinical conditions are maintained; it may be expressed by an intraclass correlation coefficient which should be above 0.70 in all the dimensions. Validity refers to whether the instrument measures what it sets out to measure; cross-validity evaluates the capability of a questionnaire to evaluate QoL at a given time, while longitudinal validity is the capability to detect QoL changes over a period of time. Sensitivity to change, necessary in longitudinal studies, is the questionnaire's capability to detect changes in the patients' health when they actually occur. Furthermore, the percentage of patients who obtain the highest (ceiling effect) or lowest score (floor effect) have to be low, not to limit the questionnaire's capability to detect change across time or differences between groups of patients. They also require validated translations, following standard methodology, when used in different cultural/ language settings, to allow comparison in multi-country studies (8) . This methodology for the translation and cultural adaptation of a questionnaire into different languages has four steps (Fig. 2 ).
(i) First is the forward step, where two professional translators, native speakers of the target language and fluent in the original language, will separately translate the questionnaire, after which a consensus meeting will define the most accurate translation that will conceptually reflect the original meaning, in a colloquial and easy language. (ii) Second is the backward step where a professional translator, native speaker of the original language and fluent in the target language, will translate the first intermediary version generated in the forward step, back into the original language, being as literal as possible. (iii) This back translation (see Figure 2) is compared with the original version to detect any understanding problems; after correction, the second intermediary version is obtained, which is then presented to a group of some five patients with the specific disease the questionnaire was created for, to check comprehension and the degree of acceptability of the translated questionnaire; this is known as the cognitive debriefing step. All suggestions and comments raised during the interviews will be summarized, and changes and modifications will be assessed, in order to see whether any of them should be included in the translated version. (iv) The last step is the finalisation, when the third intermediary version, including any change, will be Translation and cultural adaptation procedures of a quality of life questionnaire.
proofread by a native speaker of the target language to correct any mistake and to obtain the final translated version.
True practical validation however is completed when a large validation study on a new cohort has taken place and the factor analysis shows adequate psychometric properties.
Utility of QoL evaluation
Evaluation of QoL can highlight the patient's viewpoint on clinical aspects often not contemplated by clinicians, but of importance for the patient's everyday life (9) . QoL assessment can therefore be considered an important outcome measure in clinical practice, and has been measured in patients with pituitary adenomas with untreated and treated disease. On the whole, QoL improves after therapy, but due to residual physical and psychological impairments, it often remains below normal even after successful treatment and endocrine 'cure', when compared to normative reference values or healthy controls (7, 10, 11, 12) .
Since QoL reflects patient-related parameters, it is complementary to biochemical, radiological and other usual objective parameters used by clinicians in everyday clinical practice. Usually patients are pleased to be asked about problems and concerns that often affect them and may never have been verbalised. For clinicians, the information provided will make the knowledge on the patients' condition complete and sometimes bring to attention problems that otherwise pass unaware. Thus, it can only be beneficial to ask the patients on their QoL.
Self-administered questionnaires should be ideally completed in a quiet environment, by the patient himself/ herself, preferably before seeing the doctor or nurse, since answers may vary depending on the information perceived during the clinical visit. It also favours a better perception of high-quality medical care, may potentially improve patient-healthcare provider relationships and can be used to contribute to therapeutic decisions based on evidence and cost-efficacy. Furthermore, it may be used to select treatments not only able to attain biochemical control but also able to optimise QoL. Electronic versions of the questionnaires, which may be completed online, on tablets or Apps, are more and more frequent; however any migration from paper to online versions requires that the screen looks exactly like the paper version, or else a cognitive debriefing process as described for the translation procedure, to ensure equivalence.
QoL scores may be mapped to those of well-defined instruments used in pharmacoeconomy studies like the Short Form-6 Dimensions questionnaire (SF-6D) or EuroQoL-5 Dimensions (EQ-5D) scores, to derive costutility measurements at a group level. This allows a prediction model, for example in Cushing's syndrome (CS) using the CushingQoL questionnaire, which can be useful in health economy studies (13, 14, 15) .
QoL tools for pituitary diseases
There are currently specific questionnaires to evaluate QoL in hypopituitarism, acromegaly and Cushing's syndrome. Data on prolactinomas and non-functioning pituitary adenomas (NFPA) is more limited and only evaluable with generic questionnaires.
Hypopituitarism (including growth hormone deficiency)
QoL is an outcome measure in the evaluation of adults with growth hormone deficiency (AGHD) or hypopituitarism, after the unexpected observation of improvement in mood and vitality in pivotal trials with GH replacement, using generic questionnaires (16) . Subsequently, two disease-specific questionnaires designed for patients with adult GHD were developed, namely the adult growth hormone deficiency assessment (AGHDA) questionnaire (17) and the Questions on Life Satisfaction-Hypopituitarism questionnaire (QLS-H) (18) . Over the last 25 years, they have confirmed that patients with AGHD or hypopituitarism have impaired QoL, as well as decreased bone and muscle mass, increased fat mass, reduced physical performance, an unfavourable lipid profile and increased insulin resistance (19) . This is especially so if the deficiency appeared in adult life rather than in childhood, since these younger subjects are more capable to adapt to their disabilities, with less impact on their future everyday activities.
The AGHDA questionnaire includes questions on dimensions related to dislike of body image, low energy, low capacity of sexual arousal and socializing, tenseness, poor concentration, memory, lack of self-confidence and increased irritability (20) . The least impaired dimensions (problems with socializing and tenseness) tend to normalize earlier after initiating substitution therapy with recombinant human GH (rhGH) than self-confidence, tiredness and dissatisfaction with physical activity during leisure time, while the most affected dimensions (memory and concentration) are the last in improving (21) . Additionally, rhGH-replaced AGHD patients reduce the use of healthcare resources (visits to doctor, days in hospital, sick leave and assistance with daily activities). The degree of improvement in QoL with rhGH replacement has been shown to be proportional to the baseline deviation from normality, so that those individuals with worse QoL at baseline tend to show the greatest improvement after treatment. Energy and emotional reactions tend to improve during the first 6 months (but may occur later) and remain so up to 10 years later (19) , so that treated patients do not differ from matched controls anymore. Although challenged by some, in countries like the UK, a bad QoL score on AGHDA (>11) is a criterion to initiate substitution treatment with rhGH in AGHD and to maintain it (since an improvement of at least 7 points on the AGHDA score is to be evidenced) ( (22) The QLS-H questionnaire has the advantage of weighting each item by the individual patient. Patients are first asked how important each item is to them and later how satisfied they are with each item (18, 19) . The disadvantage in relation to AGHDA is that the score calculation is more complex and usually requires a computer programme. Nevertheless, results from over 1500 patients included in a post-marketing surveillance trial have shown with this QLS-H questionnaire how impaired QoL improved after substitution therapy with rhGH, in GHD of any aetiology, and persisted a decade after initiating the treatment (19) . A greater QoL improvement was observed in those who were not depressed, lived in Europe (as compared to the US), had poorer initial Z-scores (i.e., worse QoL), had a lower body mass index (BMI) at entry, and had no impaired vision (19) . If GH treatment is discontinued for several months, emotional reactions, well-being and tiredness worsen, especially in younger patients, all of which may negatively affect QoL (23, 24) .
QoL is also impaired by the presence of postoperative ACTH insufficiency (25) . Initial hydrocortisone treatment is followed by great symptomatic improvement, but chronic hydrocortisone substitution is shown to be associated with lower QoL, perhaps due to high, nonphysiological glucocorticoid doses (26) .
Gonadotrophin deficiency leading to hypogonadism also impairs QoL compared to age-standardized general population (27, 28, 29, 30) . In males, low testosterone is associated with physical impairment (i.e., reduced muscle strength or osteoporosis), as well as psychological disturbances (depression, anxiety and sexual dysfunctions like decreased libido), often associated to infertility which is another common complaint, all of which negatively impact on QoL (29) . Using the generic SF-36 questionnaire, more problems in the areas of role-physical, vitality, physical functioning, general health and role-emotional were observed in hypogonadal patients when compared to healthy controls (25) . After the replacement therapy with testosterone, vitality, physical role, general health and emotional role parameters improved, but were still below the reference values.
Mechanisms by which AGHD and hypopituitarism determine QoL impairment are multifactorial, in parallel to the widespread physiological actions of GH, gonadal steroids and hydrocortisone. Abnormal body composition, decreased exercise capacity and muscle strength, decreased body water related to fatigue, metabolic disturbances and possible neuroendocrine effects in the central nervous system, all may negatively impact on physical capacity, cognitive functioning and psychological well-being. This multiplicity of actions is further supported by the common finding of no correlation between improvements in QoL and biochemical markers used to evaluate hormone replacement, metabolic parameters or body composition indices in treated AGHD or hypopituitarism.
Acromegaly
Incorporating QoL measurements in the regular clinical follow-up of patients with acromegaly shows it is often still impaired, even after successful treatment. Factors affecting patients' well-being are multidimensional (physical, psychological, social, demographic or related to treatments). If the consequences of acromegaly which negatively impact on patients' daily living are identified, or the patients' main needs during management of the disease are relevant, they may be approached and measures introduced to improve them.
The use of the AcroQoL questionnaire and simultaneous generic questionnaires with normative data has confirmed that QoL is impaired in acromegaly, especially in active disease (31) . AcroQoL scores can be analysed globally (22 questions with a 5-point Likert scale for each item), or separating physical (8 items) and psychological domains (14 items, subdivided into appearance and personal relations sub-domains, with 7 items each). Comparable results are reported in all available languages (32) ; the dimension most affected is
www.eje-online.org appearance; this would suggest that an earlier diagnosis before irreversible morphological changes occur would probably be beneficial. In contrast, the least impacted area is the personal relations sub-domain of the psychological dimension (32) . Successful therapy is usually followed by improvement in the AcroQoL score, but disease control may not normalize QoL scores completely, as evidenced with generic questionnaires with normative data. When comparing QoL in different pituitary patients with generic questionnaires, acromegalic patients score worse for physical ability and functioning and bodily pain than non-functioning pituitary adenomas (NFPA) or prolactinomas, and the presence of hypopituitarism further impairs their well-being and QoL (33) .
Increased psychopathology (mainly anxiety and depression), maladaptative personality traits or less effective coping strategies have been described in patients with controlled acromegaly, which in turn may affect cognition and QoL (2, 33, 34, 35, 36) (Fig. 1) . They tend to be more harm-avoidant and neurotic with a high social conformity (35, 36) , show a reduction in novelty-seeking behaviour, and are less impulsive than patients with other diseases like NFPA. This increased anxiety may not only affect QoL, but also affect treatment adherence and patient-physician contact.
A greater sensitivity of the physical dimension of the AcroQoL questionnaire than circulating IGF-I concentration was observed in treated acromegalic patients with a normal circulating IGF-I on long-acting somatostatin analogues, who reported improvement in QoL after adding pegvisomant treatment. This was interpreted as indicative that 'normal' circulating GH and IGF-I may not reflect 'control' or 'cure' in all body tissues. In fact, despite no change in circulating IGF-I levels, patients perceived improvement in QoL scores and subjective well-being, which was correlated with the physical domain of AcroQoL and loss of body water and weight, suggesting that their muscles were less exposed to excessive GH/IGF after adding pegvisomant (37) .
Apart from the disease activity, worse QoL has been observed if patients complain of persistent headache or musculoskeletal pain (38, 39) . When comparing disease control after surgery or due to on-going medical therapy, QoL scores are usually better when no chronic treatment is required (40) . The chronic nature of acromegaly, requiring on-going treatment and periodic follow-ups, even in the so-called 'controlled' or 'cured' cases, probably contributes to their more negative illness perceptions and QoL, compared to patient groups with acute pain or vestibular schwannoma (35) .
Having undergone treatment with radiotherapy is also associated with worse QoL scores in acromegaly, although it is unknown whether this is due to a more aggressive disease requiring multimodal treatment for control, or due to the irradiation effect itself (41, 42) . Other parameters identified as markers of worse QoL in acromegaly are being older (10, 43), being female rather than male (44), having coexisting diabetes mellitus (43), having a higher BMI (10), having a longer disease duration (10), or becoming GH-deficient after the treatment for acromegaly, usually induced by prior radiotherapy (43, 45) .
A meaningful change in the AcroQoL score after therapy has been investigated using a distributionbased estimate of the half-standard deviation method, as recommended by the Food and Drug Administration (FDA) Patient-Reported Outcomes guidance for longitudinal studies (46, 47) . Results from a large phase 3 clinical trial comparing baseline and Month 12 data after monthly injections of two somatostatin analogues, namely pasireotide LAR (n = 176) and octreotide LAR (n = 182), established that a change in the AcroQoL total score of ±9.8 (which represented 50% of the baseline s.d. of AcroQoL score -19.6) could be considered meaningful (minimum important difference) (46) . Biochemical control was considered if GH was <2.5 µg/L and IGF-1 was normal at Month 12. This pattern was consistent for both the AcroQoL physical and psychological subscales.
Cushing's disease
Cushing's disease (CD) and Cushing's syndrome (CS) of any aetiology (adrenal, pituitary or ectopic) present chronic hypercortisolism. It is now evident that this glucocorticoid excess exerts irreversible glucocorticoid toxicity on different brain structures and determines persistent impaired QoL, sustained psychological dysfunction and structural brain abnormalities, despite endocrine remission (48) . All causes (adrenal, pituitary or ectopic) affect QoL in a similar way. The additional persistent physical morbidity (including increased risk for cardiovascular events, fatigability related to myopathy, and bone fragility) contribute negatively to the patient's well-being and consequently to their QoL. Results using both generic questionnaires like the SF-36 survey and the derived SF-12, or the Hospital Anxiety and Depression Scale (HADS), and both available CushingQoL consists of 12 questions with a 5-option Likert scale answer, which was described as unidimensional (53) . Recently however two subscales (psychosocial issues and physical problems) were identified, which showed adequate model fit. Data were obtained from patients in remission from CS (n = 341) recruited from the Cushing's Syndrome Research Foundation's email lists; they completed the CushingQoL questionnaire and a short demographics survey (54) . Regardless of the scoring solution used, it was concluded that CushingQoL had proven to be a valuable resource for assessing healthrelated QoL in patients with CS.
The brain volume decreases in CS, especially in active hypercortisolism and in patients diagnosed at an older age, which is thought to be related to less brain plasticity compared to younger subjects, although other factors may also be involved, i.e., longer disease duration and exposure to hypercortisolism (48, 55) . Interestingly, a positive correlation was found between the right cerebellar cortex volume and the CushingQoL scores.
Depression, anxiety and cognitive dysfunction are common in CS, especially in the active phase, although the so-called 'cured' patients still complain of a lower general well-being, more anxiety and depression, and impaired QoL when compared to matched healthy controls (49, 56, 57, 58) . Furthermore, after successful treatment, it often takes several months or even more than 1 year to perceive improvements. Being aware of this time course is important both for endocrine specialists and patients; the immediate postoperative phase can be very troublesome in CS due to a 'glucocorticoid deprivation phase', with more pain and devastating fatigability, which often leads to depression and a low QoL perception. Glucocorticoid dose has to be tapered after successful surgery, but this is challenging for some patients who just cannot tolerate dose reduction, even several weeks or months after the surgery. Even in the long-term management of CS, being aware of these changing situations does help patients conform, with the hope of final improvement (5) . Common complaints like cognitive impairments and psychiatric disorders, as well as periodic follow-ups to evaluate pituitary function and detect possible recurrences of hypercortisolism, put extra stress on these CS patients, which in turn worsens psychological issues and often leads to a bad QoL.
The minimal important difference in the CushingQoL score to be clinically meaningful was found to be 10.1, based on the half-standard deviation distribution method (51) as recommended by the FDA and other regulatory agencies in the USA and Europe, allowing comparison of different treatments on the patient's outcome. This longitudinal study confirmed CushingQoL as a reliable, valid and responsive (good test-retest reliability and sensitivity to change) questionnaire to assess QoL and other relevant clinical outcomes in adults with CD.
Although obesity is a characteristic of CS, differences in QoL were identified between both diseases, using the SF-36 survey and a symptom questionnaire (59) . Obese patients, mostly women with a mean average age between 40 and 50 years, had better QoL in the mean physical component summary (PCS) score, but worse mean mental component summary (MCS) than CS patients. The presence of more CS symptoms worsened the PCS and MCS scores, while obese patients surprisingly showed worse mental health scores than the CS population. BMI correlated with PCS in obesity, but not in CS, and was not associated with MCS in either group.
The Tuebingen CD-25 questionnaire showed improvement after successful surgery in 17 CD patients (52); three-quarters of the patients had impaired QoL preoperatively, but only one-third of them had impaired QoL after successful surgery. A better postoperative QoL was observed in the presence of less comorbidities (≤2) and greater morning cortisol decrease. Predictors for postoperative improvement in QoL were greater preoperative QoL impairment and a younger age, as also reported using the CushingQoL questionnaire (60) . Other predictors of impaired QoL are having experienced a long delay until a correct diagnosis of CS was obtained (61) or having seen more physicians before a correct diagnosis of CS was made (62, 63) . Whether this means that patients who experience greater discomfort demand more physician visits or it simply indicates a longer duration of symptoms is not yet clear. In comparison, patients who are treated by physicians who specialize in CS report better QoL. Since a bad QoL can influence working capacity, it may have major economic consequences for patients and their families (62, 63) .
Similar results with the SF-36 and Tuebingen CD-25 questionnaires were also reported after bilateral adrenalectomy in 50 patients with CS, most of which were followed for a median of 11 years (64) . While comorbidities like hypertension, diabetes mellitus, osteoporosis, muscle weakness, cushingoid phenotype and menstrual irregularity improved after surgery, QoL was still impaired in 45% of female and 16.7% of male patients, when compared with a healthy population (64) .
A specific nursing interventional programme for patients with CS demonstrated an improvement in physical activity, healthy lifestyle habits, adherence to therapy, sleep patterns, and a reduction in pain level and in the use of health resources, all influencing QoL. As also observed in hypopituitarism, those patients with the greatest impairment in their QoL benefitted most from the educational intervention (65) .
The effect of sequential stepwise medical therapy on QoL and recovery of physiological salivary and plasma cortisol diurnal rhythm was investigated in 17 patients with active hypercortisolism (66) . Somatostatin analogue pasireotide treatment was followed by the dopamine agonist cabergoline, and later the adrenal-blocking agent ketoconazole was added if normal urinary free cortisol (UFC) was not reached. The CushingQoL, Nottingham Health Profile (NHP), HADS, Multidimensional Fatigue Inventory (MFI) and RAND-36 instruments were evaluated. The RAND-36 includes the same set of items as SF-36 and were both developed in the Medical Outcomes Study, but scoring of the general health and pain scales differ (67) . After 80 days, 15/17 (88%) patients had normalized UFC. Subsequently, patients continued medical therapy for 1 year or underwent surgery. Cortisol diurnal rhythm was preserved at baseline in 5/17 patients and in another 6/12 with disturbed baseline rhythm; recovery occurred but was not correlated with QoL. It was impaired in most subscales (18/20) in CD patients compared to literaturederived controls. At Day 80, patients reported more pain, interpreted as a reflection of steroid-withdrawal, but QoL did not improve or deteriorate. The baseline CushingQoL scores (around 50) tended to improve after 1 year of remission in 3 patients who continued medical therapy (to over 75), reflecting how long it takes for QoL to recover, despite control of hypercortisolism.
Using the Beck Depression Inventory II (BDI-II), the SF-36 and the Multidimensional Body-Self Relations Questionnaire (MBSRQ), it was found that QoL in the general health category and perception of body image were worse in 40 patients with CD who underwent transsphenoidal surgery, compared to 40 healthy controls (68) . In contrast with several other studies however no differences in depression scores were found between CD patients globally and controls. However in CD patients without remission, depression was more prevalent than in both CD patients with remission and healthy subjects. Additionally, physical functioning, bodily pain and general health scores of the SF-36 questionnaire in CD patients without remission were also worse than those in CD patients with remission and healthy subjects.
A higher prevalence of 'maladaptive' personality traits in CS patients even after long-term cure may affect their everyday QoL (69) . They appear to perceive that they are characterized by 'unpleasant' increased anxiety traits (pessimism, neuroticism, shyness with strangers and low extraversion), and try to answer in a rather 'pleasant' (or socially desirable) way.
A large study from the Netherlands included 123 patients with CS with remission for a mean of 13.3 ± 10.4 years, on average in their 50s, 86% women, and 80% of pituitary origin. Seven validated questionnaires were presented to these patients and compared with an age-and sex-matched control group (n = 105) (70) . These instruments were RAND-36, HADS and the Checklist Individual Strength Questionnaire (CIS) designed to measure several aspects of fatigue; the Cognitive Failures Questionnaire (CFQ) to detect everyday mistakes and problems regarding perception, memory, motor function and orientation; the Appearance Self-Esteem (ASE), part of the Self-report State Self-Esteem Scale comprising satisfaction with one's appearance; the CushingQoL and NHP questionnaires; and an employment status and selfreported comorbidity questionnaire regarding current employment, number of working hours per week, current sick leave and inability to work; and a checklist mentioning 16 common diseases like diabetes mellitus, cardiovascular disease, hypertension and psychiatric problems.
QoL was worse on practically all dimensions of questionnaires compared with the control group, except for patients in remission of pituitary CS without hormonal deficiencies, who only showed impaired QoL on 50% of the dimensions evaluated. No difference between patients with remission of adrenal and pituitary CS were observed on QoL, but women (vs men) and a shorter duration of remission did influence QoL negatively. So again, it was concluded that QoL was still impaired in patients with long-term remission of CS, regardless of aetiology (i.e., pituitary, adrenal, or ectopic ACTH secretion), presence of hormonal deficiencies and treatment strategies, suggesting that hypercortisolism and not the location of the tumour determines QoL impairment (62, 70) .
Since CS has considerable psychological and physical consequences, it is important to prepare the patient so he/she is aware and can try to cope with the aftermath, a first step to facilitate improvement in the long term. Most patients do not feel much better after treatment, and some even feel worse; this is most frequently related to fatigue, decreased muscle strength and weakness, weight gain especially around the abdomen, forgetfulness, trouble sleeping, depression and anxiety (62, 63) .
Encouragement to take care of themselves, to take the reigns of their lives, with new hobbies or challenges within their capacities next to recommendations on a healthy diet, regular exercise and being regular with their prescribed treatment can help, as well as support from friends and family. A message of hope in the sense that despite many changes after CS it is still possible to be happy if one works at it is worth remembering (62) .
Prolactinoma
Since no disease-specific questionnaires are available for prolactinomas up to now, less interest has been shown in evaluating QoL in this disease (7, 71, 72) . The affected patients complain of more stress, psychological distress and less well-being (5). In the systematic review by Andela (7), spider plots comparing the different domains of the SF-36 questionnaire were compared for the different dimensions, namely physical functioning, mental health, emotional role, social functioning, vitality, general health, pain and physical role. All domains tended to improve after the treatment; in prolactinomas as well as in NFPA, results were very close to normative scores, which was not the case in acromegaly and especially in CS, pointing to the persistent deleterious effect of prior exposure to excessive GH/IGF-1 and hypercortisolism. Other generic or domain-specific questionnaires (SF-36, HADS, MFI and NHP) have been used in prolactinoma patients and the results are expressed in Z-scores (or standard deviation scores), thus accounting for age and gender, so results can be compared with other reference populations. Again, prolactinomas and NFPA showed less impairment than acromegaly and CS for physical ability and functioning and less bodily pain, but concomitant hypopituitarism further impaired multiple aspects of QoL (11) .
Nevertheless, despite clinical control of tumour size and prolactin levels, poor QoL may persist, especially in women, with worse scores in physical problems, vitality, emotional aspects and social isolation compared to control subjects, independent of prolactin levels, current or previous treatment with dopamine agonists, and dose or specific drug used (71, 72, 73) .
An important feature in prolactinomas, which impairs QoL, is gonadal dysfunction, with complaints like decreased libido, erectile dysfunction and poor seminal fluid quality in men and amenorrhoea, galactorrhoea, vaginal dryness leading to dyspareunia and decreased libido in women, all of which favour infertility. This QoL impairment is worse in women (73) . Additionally, sleeping difficulties namely increased slow-wave sleep compared to healthy controls may also impair QoL in prolactinoma patients (6, 74) .
Non-functioning pituitary adenomas
As with prolactinomas, there are currently no specific questionnaires to evaluate QoL in patients with NFPA. Although most reports on QoL using generic questionnaires in NFPA describe a low QoL after treatment (7, 11, 41, 75, 76) , there are also descriptions of normalization of QoL, after successful treatment, attaining scores comparable to those seen in a healthy population (77, 78) . As already mentioned, compared to that of other pituitary adenoma patients, QoL of NFPA patients was similar to that of patients treated for prolactinoma, and better than that of patients diagnosed with CD and acromegaly (11, 39, 79, 80) .
Female gender and older age are also determinants of more QoL impairment in NFPA, as observed in normal population and other pituitary diseases (CD and acromegaly) (11, 81) . NFPA patients tend to be older than patients with other pituitary adenomas and report impairments in both physical and mental measures. Recent data observed how female NFPA patients had physical and emotional complaints, reduced energy and poorer health perception in comparison to their male counterparts (77) . A determinant negative factor for QoL in these NFPA is visual dysfunction, a common symptom in these often large macroadenomas (7, 81) ; residual visual deficits have been associated with reduced interest in leisure activities or hobbies (76) . The presence of concomitant diabetes mellitus, obesity, depression and hypopituitarism all have a strong negative impact on overall QoL (81) . If hypogonadism is present, it determines worse social life and reduced daily activity compared to those patients with NFPA who are not hypogonadal or are on correct hormone replacement (76, 77) . GH deficiency determines more bodily pain, and worse mental health and general health perception compared to GH-sufficient patients or patients on substitution therapy with GH (77) .
Prior radiotherapy reportedly is followed by impaired mental health and less energy levels, without affecting the general health perception (77, 78) . Abnormal scores in energy, physical ability and anxiety have also been www.eje-online.org described in patients with NFPA who experience a tumour recurrence (77, 81) . A bad quality of sleep (reduced sleep efficiency, less rapid eye movement sleep and increased daytime somnolence) also determine poor QoL in these patients, and is often associated with fatigue, low motivation, more awakening at night and less activity during the day (11, 75) .
Conclusion
QoL evaluated with questionnaires is impaired in patients with pituitary diseases, especially in the active phase, and more severely in acromegaly and hypercortisolism than in prolactinomas and NFPA. The presence of additional pituitary deficiencies tends to worsen QoL further. Despite endocrine 'cure', QoL often remains below reference values; this is a matter of concern for many patients, as recently evidenced with the Leiden Bother and Needs Questionnaire for patients with pituitary disease (the LBNQ-Pituitary). This tool can individually identify their needs for support and lead to efficient assessment in clinical practice, optimal patient care and improvement in their QoL (82) . The challenge for the future is how to improve outcome of pituitary patients, so that they can be considered completely healthy, both physically and mentally. Establishing the relationship between QoL dimensions and changes in hormonal status is the key to understand the relationship between biochemical and clinical (QoL) changes. To improve long-term prognosis, and offer a realistic expectation with respect to the results of treatment, awareness on the lack of complete normalization of QoL and cognitive function outcome is worth considering.
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